Abstract-In an aging society it is extremely important to develop devices, which can support and aid the elderly in their daily life. This demands tools that extend independent living and promote improved health. In this work it is proposed a new interface approach integrated into a walker. This interface is based on a force sensor and it is intended to extract the user's movement intentions. The interface is designed to be userfriendly, simple and intuitive, efficient and economic, meeting usability aspects and focused on a commercial implementation, but not being demanding at the user cognitive level. Preliminary sets of experiments were performed which showed the sensibility of the force sensor extract navigation commands from the user. These signals presented a higher frequency component that was attenuated by a Benedict-Bordner g-h filter. The presented methodology offers an effective cancelation of the undesired components from force sensor data, allowing the system to extract in real-time voluntary user's navigation commands. Based on this real-time identification of voluntary user's commands, an approach to the control architecture of the robotic walker is being developed, in order to obtain stable and safe user assisted locomotion.
I. INTRODUCTION
Mobility is a fundamental requirement for our daily life. If mobility degrades by any reason our quality of life will decline severely. The number of people with reduced mobility capabilities increases from year to year [1] . Loosing complete or part of mobility, affects not only the ability to walk but also the ability to perform personal tasks, which is a major determinant in life quality and causes dependence of others in daily life.
Thus, it becomes more and more relevant to find ways and tools to compensate, improve or help to restore and enhance this people mobility. These will extend independent living and promote improved health. So, recent advances in robot technology have been developed for the elderly and lower limb disable people. There are examples that include orthoses, prostheses, canes and walkers. These devices provide users with residual capacity of walking.
In particular walkers present great rehabilitation and functional compensation potentials [2] and thus in recent years, their development has been growing. These potentials arise due to the use of the user's residual capacities, trying to maintain and enhance them through functional compensation. Thus, they produce an opposite effect comparatively to the wheelchairs, that have an incapacitate effect on users due to the decrease in the use of the lower limbs.
There are several types of walkers that can be distinguished in many ways, such as, technological complexity, size and structure, among others. However, it is possible to highlight two major groups of walkers: conventional and smart walkers.
Conventional walkers [2] are passive, and they offer a stable platform that increases user's anterior and lateral support, adding an important user's partial body weight support. By being passive, they have a simple structure and are low cost. However, they can be difficult to manipulate because of their size, when climbing stairs or passing through doors. Additionally, they can be unsafe to use in uneven/slope terrain. Furthermore, these walkers reduce the movements of the arms during gait, cause bad posture, and especially, cause an unnatural gait due to how they need to be pushed and/or lifted during gait.
Smart walkers have emerged usually with the same architecture as the conventional ones but they include additional robotic and electronic components, that promote a better assistance to gait, especially considering navigation [3] , gait monitoring [4] , and partial body weight support [4] [5] . However, some of these devices are still too complex to use. These devices have to be built considering that many users have not only problems to walk, but also have cognitive and sensor impairments. For instance, elderly people present usually slower behaviour and are not familiar with mechatronic devices. Furthermore, they need to continuously use their own device in daily routines, such as, go to the bathroom, elevator, etc. In order to overcome these cognitive and sensory deficiencies, studies regarding the development of interfaces that establish a direct control of the user are increasing in the literature [3] [5][6] [9] [10] [11] [12] . These interfaces have to be user-friendly, natural and transparent to the users, not being demanding at their cognitive level. The idea is these interfaces have to be able to read and interpret the user's intentions and command the device accordingly.
In this work, it is presented a new interface approach developed in CSIC, and integrated on the NeoASAS walker. Such interface is designed to be simple, intuitive and economic, meeting usability aspects and focused on a commercial implementation. The interface integrates a force sensor into centre of the walker upper base support. A preliminary set of experiments were performed with healthy volunteers and no motorization in the device. An analysis of this interface data, enabled to identify two main components. One is a high-frequency component caused by the vibrations introduced by the ground and wheels irregularities. This component is attenuated through a Benedict-Border g-h filter [6] . The other component is related to the user's navigation commands, which are going to be used in the guidance of the walker and their inference is fundamental for an efficient control of the device during assistive gait.
In Section II a critical review regarding the interfaces that are being developed for Smart Walkers is presented. Section III introduces the NeoAsas walker and its background. Section IV describes the NeoASAS interface and discusses the acquisition of the signal components related to the user's navigation commands. Section V introduce the filter strategy chose to track the acquired signals. The performance of the filter strategy when tracking the user commands in real data is discussed in Section VI. Finally, conclusions and future work are discussed in Section VII.
II. USER-MACHINE INTERFACES IN SMART WALKERS
Systems or machines have increasingly evolved in nature and capacity, so now they can assist humans in tasks of higher level of abstraction. The elements that establish a bridge of interaction between human and machine, called interfaces, must establish a dialogue as natural and efficient as possible [7] . In interfaces, the role of the sensors is very important since they measure the environment and human interaction. Additionally, there are actuators that transmit information to the individual cognitive robotics in order to complement their sensory information about the task [8] . The interface should be able to adapt to users with different levels of physical and cognitive capacities and this adaption should be done in a user-friendly manner.
Interfaces can be classified as direct or indirect, depending on whether the user commands or intentions pass directly to the device.
Direct interfaces require a manual operation from the patient. One example of a walker that has this type of interface is ASAS (Andador Pseudorobótico de Alta Seguridad) that was designed by the Bioengineering Group at CSIC [9] . Its interface is based on push buttons installed on each handle such that each motor is controlled by the corresponding pushbutton. In order to move straight, the user has to press both buttons and to turn has to press only one of them.
Joysticks provide for another example of direct interfaces. Hashimoto et al. [10] developed a walker that is driven with a joystick. This joystick besides transmitting to the motors the user's intention of direction, it has a user-friendly hand force feedback system that allows the user to perceive obstacles and thus walk with greater safety. According to a repulsive force from the force sensor, the user can know the distance and direction to the obstacles.
Force sensors have been the focus of direct interfaces, because by detecting the user's intentions though physical interaction, the force sensor interface offers a naturally and intuitively way to reach that goal.
Morris et al. [3] developed a robotic walker based on the XR4000 platform with two-force sensors embedded into the handlebars. By incorporating force sensors inside the handlebars, the user can maintain a steady hold and manipulate the robotic walker in a manner more consistent with contemporary roller-based walkers. Each handlebar is equipped with a prismatic handgrip that is motion constrained. Semi-pliable foam is inserted between the handgrip and motion stops to dampen the displacement exhibited by the grippers. A pair of force-sensing resistors is embedded into the foam to detect pressure when force is exerted along the handlebar. These pressure readings are transformed into planar translational and rotational velocities.
The Personal Adaptive Mobility Aid (PAM-AID) [11] is a walker that doesn't have motorized locomotion. The electronic system only controls the orientation of the front wheel, based on the guidance information acquired by an intuitive interface that is similar to the handlebar of a bicycle that can rotate +/-15º. The handlebar is spring loaded and when no torque is applied it will return to its zero position.
The Guido [12] (originally known as the PAM-AID) is a robotic walker that is directed by the user with spring-loaded handlebars that are equipped with sensors to determine the intended direction of travel. Turn buttons are located on the end of each handlebar. Pressing these buttons causes the front wheels to turn parallel to each other in the same direction and thus allows the walker to rotate in a circle about its rear wheels. Brake levers are also positioned on the handle grips.
The Walkmate [13] was developed to have two force sensing resisters embedded into the handlebar. These sensors are fixed with the handgrip directly so it can detect both pull and push pressure of the handlebar. Moreover, the force sensors embedded in handlebars offer a nature negative feedback loop of the motion control. On the one hand when the user wants to keep a constant velocity, the handle will be pulled to decelerate the walker if the walker is faster than the user. On the other hand, if the walker is slower than the user, the handlebar will be pushed to accelerate the walker.
Another walker that was developed by the Bioengineering Group at CSIC is the SIMBIOSIS [6] . This walker presents a multisensory biomechanical platform for predictive humanmachine cooperation. One of the sensory subsystems is the force interaction that is compound by a set of force sensors installed on the walker's forearm-supporting platform. The forces that are applied by the user on each forearm-support while he his walking are measured and the guidance information can be inferred. This turn out to be a natural and transparent interface that did not need previous training by the user. Other works are studying interfaces with force sensors are UTS [14] , Chuy et al. [15] , MARC [16] .
Another kind of direct interfaces are the voice communications. To help the visually impaired, for example, it was developed by Gharieb at King Saud University [17] a walker that as the ability to steer following the user's voice and to avoid obstacles. The walker receives the voice command from the user and determines the required tasks. If the speed of the walker exceeds a maximum limit value an audio alarm will be activated, and when there is an obstacle it warns the user with an audio alarm, too.
On the other hand, there are the indirect interfaces that recognize user's movement and/or intent without requiring manual operations. Examples include visual recognition using cameras [18] , and detection of human gait using pressure sensors [19] .
A recent development, the JAIST active robotic walker (JARoW) by Lee et al [18] , is a compact prototype that doesn't require artificial controls, because it has a pair of rotating infrared sensors detecting the location of the user's lower limbs. With a control algorithm developed by Lee et al the motion of walker is adjusted according to the user's walking speed and direction relative to the base frame of the walker, without employing electronic devices worn on the user body or manual controls such as joysticks or touchpad's.
As it was seen the major study of direct interfaces has been focused on force sensors, because unlike the joysticks, buttons and switches, for example, the torque sensors are natural and intuitive. When the joystick is moved in any direction during the gait, due to the foot strike or uneven terrain, vibrations may appear. Relatively to the buttons, switches and touch screens, they might be simpler and easy to control, but they have an intermittent or discrete operation that is mentally heavy for the user. Moreover, these interfaces may cause confusion for elderly users, which might result in an accident. The voice communication, for example, has an advantage of transferring effective high-level commands as a bilateral communication tool. However, there are critical problems such as interference and recognition to be resolved.
In the case of indirect interfaces, despite of the investigation that is being done recently, we need to incorporate an elaborate recognition algorithm and high performance devices into the visual recognition system. Human gait detection also requires an additional device worn on the human body and its outdoors environments remain a difficult problem. Despite these advances there are still unresolved questions in determining natural and efficient interfaces. Further, due to the limitations on current recognition and control algorithms and costs that need to be lower, there is room for further improvements and this has been a turning point for research. Additionally, it is very important to remember that these interfaces should not increase the cognitive burden or cause confusion and frustration for the elderly or lower limb disable users.
III. THE NEOASAS PURPOSE
The NeoASAS Project emerged in order to give continuity to the ASAS and SIMBIOSIS projects developed by the Bioengineering Group of CSIC, but with a commercial focus.
It is intended that the NeoASAS walker (Fig.1) has the same reliability and stability that the SIMBIOSIS walker [6] , using a sensor system for the characterization of the humanrobot interaction during assistive gait. Nevertheless, in order to make it more robust and economic it requires a simplification of its sensorial configuration. Thus, it should be implemented with simple and low cost sensors and create a more aesthetic design of the walker. The interface of this new prototype must remain user-friendly without requiring additional cognitive capacities, since many users/patients have many needs related to these factors.
The NeoASAS walker, in its final state, will be an autonomous system capable of controlling the movement of the walker through the extraction of the users' movement intentions obtained by the integrated sensory system. This project is unique in the sense that it tries to improve the safety and stability of walkers, and avoid to inadequately resort to alternative devices such as wheelchairs, that have disabling effects, thus contributing and reinforcing to the maintenance or to the improvement of the physical and cognitive capabilities of the user, through functional compensation. In order to provide for walking support, the NeoASAS has to capture the direction that the user intends to go based on the user manipulation. The directional intent will be identified from physical manipulation because the user's directional intent and his physical manipulation usually are mutually consistent. In this paper, a novel interface is proposed to recognize the user's directional intention according to the manipulation of handles on the upper base support.
The development of this interface took into account that walking is a complex combination of omnidirectional motions, including forward and translational (right and left). The interface must have the capability to "read" and interpret all these kind of intended motions, to follow the user's movement, and to provide for a good walking support. Additionally, the novel interface has the advantage of using the forearm supports, improving safety during walking and helping to unload the lower limbs. Moreover, the user does not have to intentionally manipulate the device in order to set direction instructions and it is low-cost, if compared to other commonly used technologies in this field, such as force sensors or Brain Computer Interfaces.
The system proposed for evaluating the intentions of the user's walking movement is based on a force sensor that is integrated into the upper base support at its middle. The device is based on an adapted conventional four-wheeled walker. The walker integrates a forearm support and the electronics heaviest components were mounted in the lower base of the walker. This walker allows the load of the lower limb weight on the walker and the decrease of the occurrence of uncontrolled movements of the joints of the arms. It was also noticed that the use of a walker with a smart control system allows the improvement of the gait patterns of disable users, and a greater stability in terms of the user's posture.
A. Specifications of the human-machine interface
During the SIMBIOSIS project it were observed and studied which efforts were the most important to drive the walker. According to these studies, in the NEOASAS project was proposed to use a new interface that consists on placing, at the centre of the upper base support, a force sensor associated to the upper base reads its deformations that is moved according to user's manipulation. To extract the signals from the sensor and then study them it was performed a series of tests with healthy volunteers, with no history of any dysfunction on either upper or lower limbs. These volunteers had to perform simple tasks like moving forward and then turn left or right. It is noteworthy that these tests were performed without any motorized system. This enables to evaluate the real interaction between the user and the upper base support of the walker without the interference of any control strategy. These signals enable to characterize the interaction between both agents.
When the user forces the handles, this slight movement is transmitted to the upper base support, coupled to the sensor that reads the user intention. When the user begins his gait, he has to slightly move the handlebar through the handles, moving the upper base, which consequently moves the sensor, informing the walker which direction and velocity he wants to take. Hence, the user's efforts are successfully converted into small movements through this new interface, which is simpler, but is developed to be optimized for commercial implementation.
The handlebar is a base and in its centre is integrated the force sensor, and in each one of the two extremes was placed a handle, so that the user can hold on to it. The chosen force sensor is a robust and low cost sensor.
The force sensor will read the movement applied on the Y and Z-axis.
These signals are measured in Volts around the Y and Z axes that results from the force that is applied by the user on the handles. Signal Y is the movement trough the Y-axis and represents the straight or forward movement intention of the user. Signal Z is the angular rotation around the Z-axis and represents the curvilinear movement intention of the user.
These Y and Z signals are then sent to an architecture based on Matlab Real-Time xPC Target Toolbox to be processed.
To extract the signals from the force sensor and then study them it was performed a series of tests with healthy volunteers, with no history of any dysfunction on either upper or lower limbs. These volunteers had to perform simple tasks like moving forward and then turn left or right. It is noteworthy that these tests were performed without any motorized system. This enables to evaluate the real interaction between the user and the upper base support of the walker without the interference of any control strategy. These signals enable to characterize the interaction between both agents.
The acquisition of these signals from the force sensor allowed the identification of two main components of the signal. One represents the highest frequency noise caused by the vibrations introduced by the ground and wheels irregularities of the structure, and this component should be eliminated. The other one is the voluntary component that contains the information of the walking movement intentions of the user to guide the walker. This is the one that really interests to guide the walker. The typical force sensor data, Y and Z signals are presented in Fig. 2 .
As it can be seen, both signals present a high frequency component that has to be eliminated to clear the signal so it can be easier to identify the other component that characterizes the user's guidance intentions. The Y signals are zero at the beginning when the user is stopped, but when the user begins to walk forward, the signal becomes negative. Analogously, the Z signals have an amplitude close to zero, but around t = 17 s, the user turns aside and a high amplitude peak is observed (Depending on the side that the user turns, the amplitude of the Z signal can be positive (right) or negative (left)). And at the same time the Y signal also changes being more positive. This tells us that when the user wants to turn aside the forward command is decreased. With the acquired data, it was performed an offline study for the definition of the signal processing methodology. IV. SIGNAL PROCESSING METHODOLOY This section presents the filtering strategy to attenuate/eliminate the higher-frequency component. After that, the force sensor signal can be used for controlling the device's movement, converting user's intentions into motor commands. The data that was collected yields that the user's commands occur in a frequency range between 0 and 2 Hz in both Z and Y signals, and the rest of the higher-frequency components are related to noise caused by structure vibrations, etc (Fig.3) . These last components are more accentuated in the Z signal. According to this, the higher frequency components present in the signals can be eliminated with forth and back recursive digital, such as Butterworth filters, without causing phase distortion (Fig.4) . This technique consists in filtering input data in both the forward and reverse directions; after filtering in the forward direction, the algorithm reverses the filtered sequence and runs it back through the filter, which yields precisely zero-phase distortion. However, this approach is not real-time implementable, but it will be the basis to evaluate the performance of the chose filter strategy.
The user's command will be modelled as a first order process (Taylor series), where the first derivative will be set as constant, considering the human movements are slow. The second derivative can be neglected since its maximum value is 4.16Ε10 -10 rad/s -3 for the Y signal and 2.48Ε10 -9 for the Z signal, and the sampling period Ts is 1ms. Thus, it was decided to use g-h filters. g-h filters are simple recursive tracking filters that estimate future position and velocity of a variable based on first order model of the process.
Measurements are used to correct these predictions, minimizing the estimation error [20] . The following equation set is the general form of a g-h filter [20] :
The filtering equations (1) and (2) g-h filters are affected by (a) systematic error, which is related to the constant velocity assumption, and (b) the measurement error, which is inherent to the force sensor and measurement process. Typically, the smaller gk and hk are, the larger is the dynamic error and the smaller are the measurement errors [20] . Therefore, in designing a g-h filter there is a degree of freedom in the choice of the relative magnitude of the measurement and dynamic errors. To simplify the selection of the filter gains (gk, kk) the BenedictBordner Filter (BBF) was applied. BBF minimizes the total transient error, defined as the weighted sum of the total transient error and the variance of prediction error due to measurement noise errors [21] . The BBf is the constant g-h filter that satisfies equation (5) . As (5) related g and h, the BBF has one degree of freedom. Because for g-h filters increasing the value of g diminishes the transient error, so a larger g makes the BBF to track higher frequencies.
V. RESULTS For the selection of the g parameter, the Kinematic Estimation Error (KTE) was used (6) . KTE evaluates the smoothness, response time, and execution time of a tracking algorithm [22] .
€ ε and σ 2 are the mean and variance of the absolute estimation error between a desired signal and the measured signal [23] . Offline signal filtered using a Butterworth filter is used as the desired signal the estimators should track. The measured signal will be the signal filtered with the g-h filter.
To select the parameter g, five individuals drove the walker without any motorization executing three experiments with five repetitions each. During the tests the signals of the force sensor were acquired. These signals were then introduced offline in the g-h algorithm using broad range of g parameters. The result was processed by the KTE resulting on a cinematic error. The best solution, i.e. the one with the lowest KTE, was chosen for each user, experiment and repetition. With these results it was calculated the mean of the best solutions for the g parameter, as well as the mean of the delay between the input and the output of each case. Table I presents the mean values of the best solutions of g parameter, delay between the original signal (Y and Z) and the filter one with the g-h and KTE for each force sensor signal (Y and Z). As it can be seen at Table I , g of the Z signal compared with the g parameter of the Y signal shows a lower value because the amplitude of its noise power density is much larger, requiring to be further filtered. In both cases, KTE and delay show very small values. The signals filtered (Fig. 5) shows to be of high quality for a human-machine interaction because its delay is 10 times inferior to human perception (200 ms), not causing prejudice to the human-machine interaction.
VI. CONCLUSION In this work it was presented a new method of user-walker interaction to extract the users' movement intentions. The interface is based on a force sensor and is intended to be userfriendly, simple, efficient, low cost and with little electronics. A series of experiments were performed which showed the sensibility of the force sensor to extract navigation commands from the user. These signals presented a higher frequency component that was attenuated by a Benedict-Bordner g-h filter, where g is equal to 46.64Ε10 -3 for the Y and 16.87Ε10 -3 for the Z. This filter strategy is currently working in real-time and is programmed into the firmware installed on the NeoASAS walker. Future work includes the use of the force sensor data processed with the filter presented in this work, as input signals for a control architecture that classifies, in realtime the navigational commands applied by the user during gait. An overall schematic is depicted in Fig. 6 . 
